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Supplementary Figure 1 Turbidity and solubility measurements for SPI solutions prepared in 
water, pH 10 NaOH, pH 2 HCl or 30 v/v% acetic acid and treated with three different methods, 
(i) non-treated, (ii) heated for 30 min at 95 °C (noted as heated), and (iii) sonicated for 30 min 
(noted as sonicated).  a, Turbidity measurement for 2 w/v% SPI solutions performed at 600 nm 
wavelength. Data are shown as mean ± s.d.; n = 3 independent experiments. b, Solubility 




Supplementary Figure 2 Size distributions of the SPI particles determined through dynamic 
light scattering (DLS). SPI was dissolved in water (a), pH 10 NaOH (b), pH 2 HCl (c) or 30 
v/v% acetic acid (d). Samples were prepared either through heating (blue) or ultrasonication 








Supplementary Figure 3 Optical images (a-d) and transmission electron microscopy (TEM) 
images (e-l) of SPI dispersions prepared with water (a,e,i), pH 10 NaOH (b,f,j), pH 2 HCl 
(c,g,k) and 30 v/v% acetic acid (d,h,l). Dispersions were used without any treatments (a-d) or 
treated with heat (e-h) or ultrasonication (i-l). The scale bars are 50 m for optical images (a-





Supplementary Figure 4 Optical images of 10 w/v% SPI dispersions prepared in different 
solvents with ultrasonication treatment (a) SPI dispersions in 30 v/v% acetic acid (left), pH 2 
HCl (middle) and pH 10 NaOH after 30 min of sonication (right). (b) Inverted glass vials of 
(a) show that the hydrogel was formed in the 30 v/v% acetic acid sample. 
  
 
Supplementary Figure 5 Atomic force microscopy (AFM) image (a) and TEM image (b) of 
the fibrillar aggregates formed within the hydrogel. For imaging, hydrogel was heat-melted at 





Supplementary Figure 6 Structural analysis of proteins through ATR-FTIR for the non-
structured film (prepared with pH 10 NaOH and heated at 95°C for 30 min) and the self-
assembled film.  (a) FTIR spectra of the films. (b) Second derivatives of amide I band 
calculated from the FTIR spectra. (c) Quantification of secondary structure content calculated 
from the second derivatives of amide I band. The indicated error bars are the s.d. of the average 




Supplementary Figure 7 XRD analysis of original SPI powder (blue) and the self-assembled 
film (green). It was confirmed that the amount of intermolecular -sheet (spacing ca 10 Å)1 




Supplementary Figure 8 Processing of pea protein isolate (Cambridge Commodities ltd). The 
solution was prepared using 30 v/v% acetic acid and treated with ultrasonication. (a) SEM 
image of the pea protein hydrogel. The sample was prepared through critical point drying 
process. (b) Optical image of the pea protein film generated through solvent-casting of 
sonicated pea protein solution. 
  
 
Supplementary Figure 9 Tensile tensing curves for the non-structured film (blue) and self-
assembled film (orange). Measurements were repeated at least 9 times. 
  
 
Supplementary Figure 10 Strain-stress curves for films containing different amount of 
glycerol, 20 w/w% (green), 30 w/w% (blue) and 40 w/w% (black).  
  
 
 Supplementary Figure 11 Mechanical properties of the dried SPI film in comparison to 
previously reported SPI films with different amount of glycerol (see Supplementary Table 3 
for references). The previously reported values are divided into groups with similar 
concentration of glycerol, 23-28.5 w/w% (purple), 30 w/w% (blue) and 40 w/w% (yellow).  
  
 
Supplementary Figure 12 Mechanical properties of the dried SPI film in comparison to 
previously reported biomaterials and engineered materials as well as SPI composite materials 




Supplementary Figure 13 Characterization of SPIs obtained from different manufacturers. 
The SPI from MP Biomedicals contains 92.0% of proteins, 6.0% of moisture and 4.1% of ash. 
The purity of SPI from Cambridge Commodities is reported to be 90%. (a) Zeta potential 
measurements for SPIs obtained from MP Biomedicals and Cambridge commodities. Data are 
shown as mean ± s.d.; n = 3 independent measurements. (b) SDS-PAGE electrophoretogram 
of SPI from MP Biomedicals (A), SPI from Cambridge Commodities (B) and corn zein, used 
for coating application (Figure 4e) (C)2,3. (c) Tensile testing of the films prepared from different 
SPIs.  
  
Supplementary Table 1 Summary of the reported opacity of soy protein film and its 













Film details Opacity 
(Abs/mm) 
Reference 
Self-assembled film (30% glycerol) 0.654 This work 
Absorbance at 550 nm 
Non-structured film (30% glycerol) 2.74 
SPI (33% glycerol) 1.35 ± 0.20 Gonzalez et. al. (2013)4 
Absorbance at 400-800 nm 
SPI with 50% PLA (33% glycerol) 0.71 ± 0.12 
SPI (30% glycerol, casting) 8.71 Garrido et. al. (2016)5 
Absorbance at 600 nm 
SPI (30% glycerol, compression) 1.16 
SPI (9% glycerol) 1.326 ± 0.15 Cao et. al. (2007)6 
Absorbance at 500 nm 






Starch Jimenez et. al. 20127 
Peanut protein 
Reddy et. al. 20138 
Zink et. al. 20169 




Whey protein  Schmid et. al. 201811 
Supplementary Table 3 References for the previously reported mechanical properties of soy 























Fig. S11 Fig.3c Amount of glycerol Reference 
a 
 
9% glycerol Zhang et. al. 200112 
b,c 
 
0/2% glycerol Su et. al. 200713 
d 
 
10% glycerol Cao et. al. 20076 
e 
 
0% glycerol Rampon et. al. 199914 
f 
 
17% glycerol Zhang et. al. 200112 
g 
 
17% glycerol Vaz et. al. 200315 
h,i 
 
23/28.5% glycerol Zhang et. al. 200112 
j 
 
23% glycerol Lodha et. al. 200516 
k a 30% glycerol Ai et. al. 200717 
l 
 
33% glycerol Zhang et. al. 200112 
m,n,r b,c,d 30% glycerol Guerrero et. al. 201018 
o e 30% glycerol Zheng et. al. 200719 
p f 30% glycerol Zheng. et. al. 200920 
q g 30% glycerol Zheng et. al. 200321 
s i 30% glycerol Wang et. al. 200622 
t h 30% glycerol Lu et. al. 200423 
u 
 
33% glycerol Chen et. al. 200824 
v 
 










50% glycerol Li et. al. 201725 
Supplementary Table 4 References for the previously reported mechanical properties of soy 












A 30% cellulose whiskers Wang et. al. 200622 
b 2% pea starch nanocrystals Zheng et. al. 200920 
c 25% chitin Zheng et. al. 200321 
d,f,g 11.3 – 20.2% cellulose nanofibers Chen et. al. 200824 
e 20% chitin whiskers Lu et. al. 200423 
h 4% SiO2 Ai et. al. 200717 
i 0.25% carbon nanotubes Zheng et. al. 200719 
j,k,l Graphene + cellulose Li et. al. 201725 
m,n,o,p 10/20% PVA Su et. al. 200713 
q 25% steric acid Lodha et. al. 200516 
r,s,t,u 20-80% gelatin Cao et. al. 20076 
v UV cross-linking  Vaz et. al. 200326 
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